Summary
Serum alpha-fetoprotein (AFP) concentrations were measured in dried blood spots and the biologic half-life of AFP was determined during the first month after parturition. AFP blood levels, in babies at all birthweight groups during the first wk, were partitioned according to birthweight and sex. A synthetic surge of serum AFP at postnatal day 3 was observed in babies of the low birthweight category «6 Ib 8 oz), whereas a concomitant surge could not be demonstrated in babies of medium, (6 Ib 8 oz to 8 Ib 8 oz), and high birthweight, (>8 Ib 8 oz), categories. All babies weighing less than 6 Ib 8 oz, regardless of prematurity likewise displayed the synthetic surge. The sex of the infant appeared to have no influence on AFP serum concentrations. In a population of infants ranging in age from 1-30 days, the biologic apparent half-life of AFP was calculated as 5.7 days; however, the half-life of AFP was found to differ among the three groups of infants when subdivided by birthweight and was higher (7.7 days) in babies of low birthweight. Our determination of 2 S.D. cutoff values for AFP in the first wk of life should prompt further studies in which the relationship of AFP to newborn disorders should be more fully explored.
In man, the clinical value of alpha-fetoprotein (AFP) in the prenatal detection of open neural tube defects (NTD) and in postoperational tumor monitoring is now well established (37, 40) . The first reports of the relationship of AFP in amniotic fluid to NTDs was published in 1972 (4) ; in the following year this observation was extended to include maternal serum (19) . Since that time period, several investigations have examined the suitability of AFP as a marker for infant and newborn disease. Reports in the literature, although not always consistent, now indicate that the measurement of AFP blood concentrations may be useful in the detection and/or differentiation of at least 18 newborn and infant disorders and possibly even more. These newborn disorders include ataxia telangiectasia (30, 39) , hereditary tyrosinemia (12, 13) , Indian childhood cirrhosis (9, 28) , biliary hypoplasia (1, 42), biliary atresia (36, 42) , hyperbilirubinaemia (23, 31, 32) , Rhisoimmunizations (29) , yolk sac tumors (6), testicular carcinoma and hepatoma (26, 35) , hepatoblastoma (6), prematurity (1), neonatal hepatitis (9, 42) , physiologic jaundice (20, 34) , infantile obstructive jaundice (27) , choledochal cysts (27, 42) , and possibly cystic fibrosis (10, 31) , hypothyroidism (33) , and ependymoblastoma (18) . Although the diagnostic specificity of AFP detection might appear diminished, the range of identifiable perinatal problems may actually be increased. The relatively high concentrations of alpha-fetoprotein in neonatal blood (17, 41) , as well as its potential clinical importance, make this fetal protein an exceptional candidate for measurement in newborn dried blood specimens.
Recently, we described the adaptation of commercial radioim-
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munoassay kits for the quantitative determination of AFP in paper-spotted samples of dried newborn blood (24) . The need for a means to measure AFP concentrations in newborn dried blood specimens emerged while attempting to assess the potential use of AFP as a diagnostic aid in a newborn screening program. In the present report, we have determined normal, baseline AFP levels in newborn dried blood specimens from birth to 30 days of age. Data have been presented in light of sex, birthweight, and apparent half-life (1-30 days). We have also determined 2 S.D. cutoff values (partitioned by birthweight) for AFP blood concentrations during the first 7 days of extrauterine life.
MATERIALS AND METHODS
Specimens. Approximately 800 newborn dried blood specimens, obtained by heel-prick from newborns and applied as l.3-cm spots onto filter paper (Schleicher and Schuell (#903», were employed for this study. Dried blood specimens for use as quality controls were prepared by spotting single drops (60 l.tI) of the newborn blood from a micropipette directly onto the filter paper. The specimens were stored in plastic bags at 40°C. For use in the assay, paper discs (Y16th inch diameter) were punched from the central region of blood spots directly into 12 x 75 mm polystyrene test tubes.
Sample preparation. All dried blood specimens were eluted with buffer before radioimmunoassay (RIA) as previously described (24) . One YJ6th-inch disc spot per sample (0.75 pJ of blood) was eluted for 1 h at room temperature into 100 pJ of a "zero standard" buffer supplied with the RIA kit (see below). The conversion of AFP Ilg/liter units obtained by use of the RIA kit into mg/liter units of actual newborn blood levels was calculated assuming: (a) a hematocrit spot value of 50%, and (b) a total blood volume of 0.75 III per V16th-inch dried blood spot.
Assay method and standards. The adaptation and use of commercial RIA kits for the measurement of alpha-fetoprotein in newborn dried blood specimens has already been reported (24) . The radioimmunoassay kits of [ 125 I]_human AFP were purchased from Amersham Corporation (Arlington Heights, IL). After elution, the assay involved the following steps: (1) addition of [ 125 1]_ AFP (100 Ill) to each tube and (2) followed by the addition of 100 III of rabbit antibody to human AFP. The tubes were then incubated at room temperature overnight (18 h) to allow competition of antigen for antibody to proceed. To precipitate the immune complexes, 1000 III of polyethylene glycol was added to each tube. After vortexing, the tubes were centrifuged at 1000 X g for 10 min at 4°C. The supernatant was decanted and radioactivity determined in a Beckman GAMMA-4000 (71% efficiency). The assay variation for liquid samples stated in the Amersham Kit was 7% (intraassay) and 8% (interassay) whereas the assay variation for dried blood specimens was 12.2% and 12.3%, respectively (24) .
Half-life determination. The apparent half-life of AFP in indi-! S.D., standard deviation. viduals was determined using infants 1-30 days of age. The term "apparent" signifies that the data was collected from single samples of many individuals rather than multiple sequential samples from the same individuals over a 3D-day period. A semilogarithmic plot was used to demonstrate the rate of decline of AFP in calculating the apparent half-life for AFP as described by Wu et al. (41) . The half-life of AFP degradation is the time interval corresponding to a decrease of log 2 of the time at Log AFP concentration at day zero divided by two. Half-life determination follows first-order kinetics and is expressed in days.
AFP in newborn dried blood spots. The AFP blood concentrations for days 1-7 after birth were plotted after the data were partitioned according to three birthweight categories (Fig. 1) . Comparable data on nonpartitioned AFP blood concentrations during this time period have previously been described (24) . In our arbitrary classification, the low birthweight groups «6 Ib 8 oz) were clearly distinguishable from the remaining weight groups (Fig. 1) . The level of AFP in the low birthweight group increased from day one and peaked at day 3 in contrast to the other two groups. The low birthweight AFP levels then gradually declined to day 6 but failed to attain the AFP levels common to the medium and to high birthweight levels. Although the latter two groups underwent mild fluctuations in AFP concentrations throughout the first wk of life, the two groups were not significantly different. These data may indicate that AFP in low birthweight babies undergoes a synthetic surge on the third day of postnatal life maintaining relatively higher serum AFP levels throughout the first wk: A statistical account of the AFP serum levels during the first wk of life is displayed in Table 1 . Values for the mean, S.D., and 2 S.D. cutoff are listed for each of the 7 postnatal days in the three selected weight categories.
Because babies in the low birthweight group «6% Ib) displayed a postsynthetic surge of AFP during the first wk of life, further studies were performed to establish whether prematurity (by weight) played a role in these observations. The AFP blood levels in babies weighing less than 6Yz Ib at birth were partitioned into two further categories. As displayed in Table 2 values for the mean, S.D. and 2 S.D. cutoff of AFP blood concentrations were determined in babies weighing 5Yz-6% Ib, and in premature infants «5% Ib). From these values, it can be observed that the postnatal synthetic surge of AFP described above was also present in babies weighing 5Yz-6% Ib and in all infants considered premature by weight. In fact, the postsynthetic surge displayed in premature infants was actually extended longer in duration and appeared to plateau (3-5 days). In summary, a synthetic surge of AFP was found to occur in the first wk of life in all babies weighing less than 6% Ib including premature infants (by weight).
Relationship of sex to AFP concentration. In 119 samples from newborn males, the mean serum AFP concentration was 22 
Table 4. Calculation of apparent half-life of alphajetoprotein (AFP) in infants 1-30 days of age partitioned by birth weight
data, which consider birthweight where 2 S.D. cutoff points have been determined, may be helpful in determining clinical significance in various instances of perinatal disorders. Second, the sex of the infant appeared to have no influence on AFP serum concentrations in direct confirmation of prior reports (3, 14) . Third, to our knowledge the fmding of a synthetic surge in plasma AFP at day 3 for the low birthweight babies only is a new, and perhaps very significant observation. Clearly, because of the AFP values in low birthweight babies, birthweight should be included in all case histories of newborn babies undergoing AFP blood determinations. Fourth, these data in agreement with previous studies (7, 22) indicated that AFP blood levels decrease during the first month of life, and continually decline thereafter until adult levels are attained at eight months of age. Fifth, the half-life of AFP was found to differ among the three groups of infants subdivided by birthweight. Thus, the postnatal serum AFP levels are age-dependent and gradually decline as the infant matures.
The influence of birthweight on the blood values of AFP during the first wk of life was dramatic. It is likely that this is a reflection of gestational age because this latter parameter is well correlated with AFP blood levels (r = -0.82) during development (17) . In fact, AFP concentrations in cord serum have been suggested as a parameter to measure gestational age (25) ; however, estimation of gestational age without sonography can be highly subjective and inaccurate whereas birthweight is a discrete quantitative measurement. Furthermore, birthweight itself has been correlated with gestational age (r = -0.77) (17) . AFP blood levels during development and in cord blood also show correlations with birthweight (r = -.065 and -0.61, respectively) but are less marked than with gestational age (17, 25) . We conclude that birthweight may serve as the ideal parameter upon which to measure AFP until gestational age can be established. Studies are currently in progress to relate gestational age and other perinatal parameters to our present findings.
It should be emphasized that the babies in the low birthweight category included both premature babies and those on the lownormal side of our arbitrary weight classification. The synthetic surge was found to be present in the 5Yz-6Yzlb-category as well as in the premature babies less than 5% lb. It is tempting to speculate that this phenomenon could be a reflection of liver immaturity and metabolism related to jaundice. Because human AFP is known to bind to bilirubin (2), the synthetic surge of AFP may be a physiologic response to high serum bilirubin levels. Bilirubin levels are already known to correlate with AFP concentrations in cord blood (20) , in maternal serum and in amniotic fluid (11). The synthetic surge in low birthweight babies even appear to mimic the classical bilirubin serum curve, which has been previously described (8) . Interestingly, the neonatal maturation of the glucuronyl transferase enzyme system (for bilirubin metabolism) in the liver cells normally occurs by the third day of life, but takes longer in premature infants (15) . These intriguing relationships are currently under consideration in our laboratory.
SERUM a-FETOPROTEIN from newborn females averaged 21.5 mg/liter (S.D. = 18.57). It was apparent that sex did not influence the serum levels of AFP in newborns. Additionally when body weight was considered, no differences regarding sex were disconcernable among the babies in the three birthweight groups (Table 3) .
AFP measurement in infants older than 7 days. AFP blood determinations were made from specimens ranging in age from 1-30 days (postnatal). As shown in Fig. 2 , AFP levels decline rapidly after the first wk of life. Serum AFP decreases rapidly with an overall apparent half-life of 6.6 days (slope = -0.0457) by the end of the first month. Thereafter, AFP levels in the blood continue their decline to the 8th month after birth as previously described (7) wherein values are closely approximating adult AFP blood concentrations (1.0-20.0 /lg/liter).
When data are partitioned according to the three birthweight groups described above, the following results were obtained (see Table 4 ). The half-life of AFP in the low birthweight babies was found to be 7.7 days whereas those for the infants in the middleand high birthweight categories were 5.7 days and 5.5 days, respectively. These data further indicate that differences in postnatal AFP synthesis and/or degradation exist in babies of three selected weight categories, especially the low birthweight groups.
DISCUSSION
From the results of the studies employing dried blood specimens from newborns, a number of observations can be made. First, the level of AFP (20 mg/liter) found for the medium birthweight babies during the first wk of life agrees with previous reports employing liquid blood samples (25, 36, 41) . As a result, the AFP Although it was initially believed that synthesis of AFP did not occur after birth, it is now well documented that AFP is continuously synthesized in small amounts after parturition (4, 16) . Because the decrease in the postnatal AFP concentration was exponential, it was thought that the synthesis of AFP also decreased exponentially. Studies of the endogenous clearance rate and synthesis of AFP during and after blood exchange transfusions have demonstrated that residual synthetic activity does exist postnatally (4) . A surge of postnatal AFP synthetic activity was presently observed as a reflection of blood levels in the low birthweight babies. Currently, we have no data to rule out cell turnover and release or secondary events leading to increased levels of AFP; however, our findings are noteworthy in that comparable activity in the medium and high birthweight categories was less striking. In fact, AFP levels in high birthweight babies tended to decline at a greater rate than that in medium birthweight babies and which in turn, displayed a steeper slope than that in low birthweight babies. These observations appear to be in confirmation of prior studies of AFP measurement in infant blood extending to 26 wk of age (7) and also in determination of AFP half-life (4, 21) .
It is also of great interest that high levels of maternal serum AFP detected during prenatal screening have been correlated to low birthweight babies as observed in follow-up studies (5, 38) . Our present findings should prompt further studies in which the postnatal synthetic surge of AFP would be examined in the offspring of mothers displaying high second trimester AFP blood levels.
It is apparent that many previous studies regarding the relationship of AFP to perinatal disorders in the newborn should now be reconsidered. We suggest that studies relating AFP newborn blood concentrations to liver distress, hepatobiliary disease, and jaundice-related hemolytic disorders should be reexamined in light of age and birth weight parameters. Our presently reported AFP blood concentration cutoff points (2 S.D.) should prove helpful in this regard.
